This working paper is devoted to researching inter-regional differences in the volume and structure of alcohol consumption. To find the underlying trends and dependences, we tested hypotheses about the influence of various macroeconomic factors on alcohol consumption in Russia. The tests were completed using regression analysis based on official statistical data. Data on the volume of regional alcohol sales in liters were used as proxy variables because of the shortage of regionally divided statistical data on alcohol consumption. The data on absolute alcohol consumption in each region were obtained from the weighted-average share of spirits in each kind of alcoholic product considered. Thus, we also assessed the role of different products in total alcohol consumption.
Introduction
This article is devoted to investigating the differences in regional alcohol consumption in Russia and its influence on human health and longevity. This analysis is based on a regional cross-section data sample collected by the Russian Federal State Statistics Service that is open to the public. Links between health and the factors that, according to our hypothesis, influence it will be tested for consistency using regression analysis.
The urgency of this study stems from the fact that alcohol abuse has been a serious social problem in Russia for quite a long time. This problem leads to a reduced life expectancy (especially for males), as well as to significant differences in life expectancy between men and women that now equals 12 years on average. As noted in several studies (Nemtsov, 2002; Pridemore, 2008; Popov, 2009) , at least one third of all deaths in Russia are directly or indirectly associated with alcohol consumption. This also raises the question of how changes in Russia over the past 20 years, including significant changes in household incomes and unemployment, as well as the fundamental expansion of a range of hard and soft drinks (especially beer), impact both the alcohol composition level, as well as life expectancy.
A significant amount of working papers are devoted to assessing the relationship between health indicators and its determinants. It should be noted that studies conducted at the micro level are often characterized by the use of various health indicators, including self-assessments from respondents. However, macro level studies usually use as dependent variables such indicators as life expectancy and various mortality indicators: age-specific mortality, mortality by cause, infant mortality, etc. (Kossova 1991; Ruhm, 2002) . Aggregate mortality indicators are convenient to use for cross-section country analysis (Kossova, 1991; Braninerd and Cutler, 2005) , as well as for cross-regional analysis within a country (Walberg et al, 1998; Treisman, 2010) .
Many scientists around the world have studied the relationship between public health and macroeconomic factors. An analysis of studies in this area suggests that, despite the statistically significant relationship between health outcomes and various macroeconomic parameters (including GDP per capita, unemployment rate, inequality indices, etc.), there are different points of view on the direction of this impact. In particular, most works written before the 1990s note a positive correlation between an improved economic situation and public health (Brenner, 1973 (Brenner, , 1975 (Brenner, , 1979 Kossova, 1991) . A number of papers written mostly during the 1990 show that a relationship between the economic situation and public health is not always evident in the short term (Forbes and McGregor, 1984; Joyce and Mocan, 1993; McAvinchey, 1994) . However, empirical studies conducted in developed countries in the early 21st century noted improvements in health during the economic downturn: at the achieved level of economic development, the relationship between these variables in the short term was negative (Ruhm, 2000 (Ruhm, , 2003 (Ruhm, , 2005a (Ruhm, , 2005b Neumayer, 2004) .
A positive change in lifestyle during an economic recession is often considered as a factor of correlation between economic development and population health (Ruhm, 2003) . For example, a number of recent studies revealed a micro-level shift to a healthy lifestyle, including a reduction in alcohol consumption during hard times (Dee, 2001; Macela et al, 2001 ; Ruhm and Black, 2002; Ruhm, 2005a) . It has been confirmed in many research papers that a reduction in alcohol consumption leads to an almost instantaneous reduction in mortality (Cook and Moone, 1987 ; Kim 2006, Razvodovsky, 2010) . Research has shown that a decrease in alcohol consumption during a recession is explained by a decrease in domestic income (for example, Ruhm and Black, 2002; Johansson et al, 2006) . At the same time, an increase in domestic income leads to a decrease in mortality and an increase in average life expectancy .
Studies on the impact of unemployment on mortality give even more controversial results. In particular, according to research conducted in Finland (Jantti et al, 2000) , during high rates of unemployment in the country, no increase in mortality was recorded. At the same time a number of Russian studies have revealed an increase in mortality rates during periods of unemployment (Walberg et al 1998; Periman and Bobak, 2009; . The results of studies based on micro-data have proven that people who lose their jobs start to drink more alcohol (Popov, 2009; .
There is no doubt as to the negative impact of alcohol on health, mortality, and life expectancy, which is reflected in works by both Russian and foreign authors. At the same time, it should be noted that the results of studies that were conducted in different countries revealed a different nature of relationship between alcohol consumption and mortality. In particular, a number of works conducted in the US, UK, Sweden, Germany, Spain, and Japan record positive effects from alcohol consumption on reducing the risks of death from cardiovascular disease. This relationship has U-shaped (Marmot et al, 1981 Research papers investigating the impact of the structure of alcohol consumption on mortality rates are most interesting for our study. There are currently two points of view on this issue: some authors link the deterioration of public health with an increase in total alcohol consumption (Kauhanen et al, 1997; Krasovski, 2008) , while still others argue that only heavy alcohol consumption has a negative effect on health and mortality indicators (Leon et al, 2007; Popov, 2009; Razvodovsky, 2010) .
The popularity of the point of view supporting the relative harmlessness of lower-grade alcoholic drinks has resulted in an increase in the supply of such drinks in countries with heavy alcohol consumption (Khalturina and, 2006; Nuzhniy and Rozhanets, 2007) . It should be noted that this opinion contradicts the position of the World Health Organization (WHO): In official WHO documents, the transition from strong to weak drinks while maintaining the same overall level of alcohol consumption is not discussed. Thus, the WHO believes that the damage depends on the amount of alcohol consumed, and not on the form in which it is consumed (Krasovski, 2008 ). This position is clearly expressed in the WHO paper (WHO, 1998). Today, the influence of the structure of alcohol consumption on the population's health in Russia is understood only very poorly (Nemtsov, 2009 ).
Taking into account both the results of the above review and statistical results confirming the explosive growth in the production and consumption of beer in Russia, the following hypotheses are verified in this paper: 1) Regarding a change in the structure of alcohol consumption in Russia in recent years and a substantial increase beer as a fraction in overall structure of alcohol consumption.
2) Regarding the absence of low-grade alcoholic beverages as a replacement for highgrade alcohol beverages in most regions of Russia, despite the fact that absolute consumption of the former has increased.
3) Regarding the relationship between the consumption of low-grade alcoholic beverages and average life expectancy in Russia.
Model description

Data base description
In this part of the research we describe the main variables that are considered to be determinants of alcohol consumption and health. This will help us to quantitatively assess whether this link between the volume and structure of alcohol consumption determinants and health is consistent and how those variables influence population health. The main variables used in this research are described in Table 2 .1 (below). The life expectancy and mortality rate from reasons directly (temulence) or indirectly (suicide, homicide, external cause, and transport accidents) connected with alcohol consumption are considered to be proxies of population health. Apart from objective factors (climate, gens), the population's health is influenced by subjective ones, which are consequent to an unhealthy lifestyle. While life expectancy is an index that is formed under the long-term impact of population health determinants, death from temulence, in fact, comes in a mere few hours (quite a short-term result) after alcohol overconsumption. This peculiarity of the mortality index is the reason why it is more suitable for the analysis of extremely negative unhealthy lifestyle consequences. It is supposed that there is a strong correlation between alcohol consumption and mortality rate from reasons connected with alcohol abuse.
We used alcohol sales indices (in physical terms, by alcohol type: beer, wine, vodka, etc.)
to assess alcohol consumption, because we were short of data about actual alcohol consumption.
We assumed that the amount of alcohol sold during the year approximately equals the amount of alcohol consumed during this period. Also we took the alcoholic content in each beverage (vodka and liqueurs -40%, champagne and sparkling wine -11%, wines -14%, cognacs, brandy and brandy spirits -40%, beer -4%) to calculate the weight average amount of absolute (or "pure") alcohol, sold in a particular region.
Analysis of volume and structure of alcohol consumption in the regions of Russia
In 2008, "pure" registered alcohol consumption in Russia averaged 8.9 liters per capita. This result implies that the level of alcohol abuse in Russia is relatively high because:
-According to the WHO, the critical and dangerous level of absolute alcohol consumption nationwide is 8 liters per year per capita 4 .
-Due to a lack of data on the population's age structure, we calculated the alcoholconsumption level (8.9 liters per capita) as a quotient of regional alcohol sales (in terms of absolute alcohol levels) over regional population. However, in world practice, the alcoholconsumption level is usually estimated for the population that is not younger than 15 years old.
Taking this into consideration and assuming that the part of Russia's population younger than 15 in 2008 was estimated as 14.6% 5 , we concluded that alcohol consumption by the adult population approximately equals 10.2 liters per capita. This number exceeds the maximum WHO alcohol-consumption level by 27.5%.
-Data on alcohol sales per capita in Russia implies that registered alcohol sales for one adult equal 30 grams of "pure" alcohol per day. At the same time, on a micro-level, many consider consuming more than 60 grams of absolute alcohol to be dangerous. Exceeding this limit suggests alcoholism, regardless as to how often the consumer has physical exercise 6 .
-The estimated amount of alcohol consumed by the average adult in Russia (10.2 liters) might be underestimated due to a lack of data on unregistered alcohol sales.
Many working papers have warned about such a high alcohol consumption level in the country.
Despite the fact that it is very important to know the data on Russia as a whole in order to solve the country's traditional alcohol problems, the focus should be on understanding the features of particular regions.
At the same time, as is illustrated in Figure 2 .1, there are substantial differences in regional alcohol consumption. The amount of absolute alcohol consumed per capita varies from 2 to 15 liters. There are also certain differences in alcohol quality.
Relatively little alcohol is consumed in the southern regions of the European part of Russia (less than 6 liters per capita), particularly in Rostov, Saratov, North Ossetia-Alania, Kabardino-Balkaria, Karachay-Cherkessia, Chechnya, Ingushetia, Kalmykia, and Adygea.
As considerably higher-than-average amount of "pure" alcohol (more than 11. caused by the significant number of migrants, tourists, and people coming to these cities to earn money. Therefore, the level of alcohol consumption in these two cities is overestimated.
However, such high alcohol-consumption levels for Sverdlovsk and Chelyabinsk were revealed for the first time.
It can be concluded from analyzing the structure of alcoholic-beverage consumption ( Table 2 .2) that regional differences in absolute alcohol consumption are determined mainly by the differences in consumption of two products: vodka and beer. The combined share of these two categories is about 80% and it is approximately the same both for the top 10% of alcoholconsuming regions and the bottom 10% of alcohol-consuming regions. This structure corresponds to the so-called "northern" style of alcohol consumption, according to which alcohol consumption occurs mainly in the form of spirits (vodka and liqueurs). The population of countries with a northern alcohol-consumption style (Russia and, recently, Sweden) is subject to alcoholism, high rates of morbidity, and mortality from reasons connected to alcohol consumption. In countries with a "southern" alcohol-consumption style (Italy, France, Spain, etc.), where wine and beer are prevalent, alcoholism is not such an acute medical and social problem 7 .
The distribution of regional vodka consumption per capita in 2008 is illustrated in equaling about 16% in the total "pure" alcohol consumption in physical terms.
Macroeconomic determinants of alcohol abuse in the Russian regions analysis
In order to identify the factors that have the most significant effect on the level of alcohol consumption, we conducted research using the methods of data analysis. As a result, linear regression models with a normally distributed random error were estimated with the method of least squares on the basis of the regional data for 2008. We also tested these models on model adequacy, significance of variables, and random component normality. We introduced dummy variables in order to test our hypotheses about regional data homogeneity for some regions.
To test the robustness of the results we estimated models with the same variables but in The model describing the relationship between regional differences in (absolute) alcohol consumption and macroeconomic factors is presented in Table 2 .3. 
Result of regression analysis on absolute alcohol consumption (Russian regions)
Dependent variable: LOG(absolute alcohol consumption consumption), N=81 The coefficient of determination indicates a high level of fit for the model. All variables are significant. The coefficient signs of the variables verify our hypotheses about the positive link between alcohol consumption and income and about the negative correlation of alcohol consumption and population density. The negative sign of the estimate for unemployment rate does not coincide with the results of studies based on micro data (Brenner, 1975; Treisman, 2010) . At the same time, this result is logical and reflects the fact that, when competition on the labor market increases, employed people reduce their alcohol consumption. A dummy variable was introduced for an atypical observation (Republic of Ingushetia, which has an extremely low volume of alcoholic beverages sales).
In order to identify factors determining cross-regional differences in the structure of alcoholic beverages consumption, we used the models presented in tables 2.4 -2.7. Vodka consumption is the main factor influencing the consumption of pure alcohol in a majority of the regions. Given that, we included factors into the model that contribute the most to regional differences in pure alcohol consumption. However, we added one more variable for the proportion of male population because the main consumers of alcoholic beverages are men.
Result of regression analysis on vodka consumption (Russian regions)
Therefore, the proportion of male population demonstrates a positive relationship with the consumption of vodka. But we do not have an opportunity to analyze the regression model for alcohol consumption by male population separately because data from official sources shows only joint consumption. and Chukotka. Also, the factors determining the differences in regional beer consumption are income per capita (positive relationship) and unemployment rate (negative relationship). In addition to these factors, there is a positive logarithmic relationship between beer and vodka consumption. Thus, the regions basically leading in consumption of soft drinks are also leaders in the consumption of spirits. This fact empirically confirms the conclusion that beer and spirits are complementary (not substitute) products for most of the population. The coefficient of determination (Table 2. Based on the results of the regression analysis, we concluded that the main macroeconomic determinant explaining inter-regional differences in alcohol consumption is income per capita (positive correlation) and the unemployment rate, which had a negative sign in all of the models.
Result of regression analysis on beer consumption (Russian regions)
Result of regression analysis on wine consumption (Russian regions)
All the 12 regions with a significantly higher level of absolute alcohol consumption also had higher-than-average income per capita (11,600 rubles a month in 2008). Eight regions out of these 12 are also among Russia's top 12 regions according to highest incomes (where income per capita was higher than 17,000 rubles a month in 2008). At the same time, out of the 9 regions with the least absolute alcohol consumption, only Rostov and the Chechen Republic have an income per capita that is higher than the average, while 6 regions out of these 9 are also included among Russia's bottom 12 regions according to lowest income per capita (less than 9,000 rubles per month in 2008).
It is also worth noting that the Gini coefficient (indicating inequality) was not significant and, therefore, was not included in any of the models. The urbanization rate also turned out to be insignificant, while the population density was included in regression models of vodka and absolute alcohol consumption. The variable for the male population (%) was a significant factor only in the model of vodka consumption.
The hypothesis that vodka and liqueurs are the main products forming the consumption of absolute alcohol was verified while analyzing the structure of consumption of alcoholic beverages. At the same time, there are substantial regional differences on this indicator, with values ranging from 37% to 85%. The lowest proportion of vodka in the structure of consumption of alcoholic beverages can be observed not only in those regions where less alcohol was consumed (Volgograd, Rostov, Krasnodar, and Stavropol), but also in Omsk and St.
Petersburg, which ranks 3rd for the consumption of pure alcohol. It should be noted that, as the leader in beer consumption (132 liters per person per year), St. Petersburg had an equal contribution of vodka and beer in its structure of absolute alcohol consumption.
The consumption of spirits and soft drinks demonstrates a strong correlation. For the most part, leaders in the consumption of soft drinks also lead in the consumption of spirits. In addition, vodka and beer can be seen as complementary rather than mutually exclusive products, as it was shown in Table 2 .6.
As a result of our analysis, we concluded that an increase in beer consumption is incrementally becoming a significant factor of alcoholism in the Russian population. However, this does not imply that spirits are being replaced by soft drinks.
We also consider the overconsumption of alcohol in Russia as a cause of severe adverse health effects and Russian population's shorter life duration.
The impact of alcohol on population health analysis
In 2008, the average life expectancy in Russia was 67 years on average 67, which is below 1990s level of 69 years. At the same time among Russian regions there are significant differences on this index, ranging from 59.7 in Chukotka to 80.1 in the Republic of Ingushetia.
In order to test the hypotheses regarding the negative impact of alcohol consumption on life expectancy, we conducted research on macroeconomic determinants of life expectancy and on the level and structure of alcohol consumption.
GDP per capita (in US dollars) or energy consumption per capita are usually used to assess standards of living (Brenner, 1975 (Brenner, , 1979 Kossova, 1991 In addition to wealth indicators, we used common macroeconomic determinants, such as unemployment rate, urbanization rate, population density, proportion of the male population, and
Gini index as independent variables in the models discussed below. The coefficients of the model verify our hypothesis that there is a positive connection between a population's life expectancy and its level of prosperity. Differences in wealth were assessed on the basis of spending on indicative goods. The negative impact of unemployment on life expectancy also came as no surprise. A dummy variable was introduced to eliminate the distorting influence of the Tuva Republic, where average life expectancy is significantly lower.
Result of regression analysis on life expectancy (Russian regions)
An important implication of this model is the constant negative impact of the consumption of pure alcohol on average life expectancy in the regions.
We noted that alcohol abuse not only reduces life expectancy, but also has a significant impact on mortality from external causes. This indicator has a strong negative correlation with life expectancy, with a coefficient of -0.84. Regions with the least mortality from external causes are usually included in the list of regions with the highest life expectancy, and vice versa. At the same time, variations in mortality from external causes are significantly higher.
In order to test the hypothesis that the level of alcohol consumption has a negative impact on health in both the male and female populations, we have built regression models where the dependent variables were indicators of life expectancy for men and women separately. Mortality from external causes, which allows us to separate the contribution of short-term alcohol effects on health and living standards from long-term (cumulative) effects, was introduced into this model as the independent variable. In this model, we also used data on consumption of alcoholic beverages by type to reflect the impact of the structure of alcohol consumption on average life expectancy. Converting these to ratios helped to avoid problems arising from multicollinearity in data on the consumption of different alcoholic beverages types.
Result of regression analysis on (male) life expectancy (Russian regions)
This raises the question as to whether it is possible to consider mortality from external causes that are uncorrelated with random error. And, if there is a correlation, as to how significant the offset of estimates for the model coefficient will be. To answer this question, we made an alternative model of life expectancy with instrumental variables for mortality from external causes (tables are given in Appendix 1). The estimates for the coefficients of the variables practically did not change, leading to the conclusion that this factor may be used as an independent variable.
Analysis of model coefficients suggests that differences in regional male life expectancy are caused by both macroeconomic (e.g., average income) and individual factors, including consumption of alcoholic beverages. The signs of coefficients for the variables that characterize the structure of alcohol consumption are negative. This implies a negative impact of the overuse of alcoholic beverages on the health of the male population. This model was built to determine factors influencing the life expectancy of the female population. The macroeconomic determinants in both "life expectancy" regressions (for the male and female population) are almost the same. However, variables describing the consumption of alcoholic beverages in the "female" model have changed.
Result of regression analysis on (female) life expectancy (Russian regions)
-the value of the coefficient for the variable representing vodka consumption has become almost 1.5 times lower, while constants in both models are almost the same. This suggests that the average volume of vodka consumption has a greater impact on the health of the male population. The variable representing the male share of the population is significant in the "female" model and has a positive coefficient. This provides an additional adjustment to the calculated female life expectancy level, given that the main consumers of vodka are male (this variable was included in the vodka consumption model);
-the negative sign of the coefficient for the variable representing the champagne-tovodka consumption ratio, in combination with a positive coefficient for the wine-consumption variable, suggests a negative impact of excessive consumption on alcoholic beverages on the life expectancy of females.
All in all, the above analysis proves the hypothesis that the level of alcohol consumption in Russia has a significant negative impact on the population's life expectancy.
Implications
The analysis has confirmed the findings of other authors about the continuous troubled previous studies. However, the fact that growth in beer consumption has radically changed the structure of alcohol consumed (by shrinking vodka's share to 55% and increasing beer's share to 29%) has never before been revealed. Moreover, the fact that beer has become the main product that forms absolute alcohol consumption in some regions of the country, namely Volgograd, Omsk, Rostov, and St. Petersburg, was revealed in this study for the first time.
2) Regional differences in the consumption of vodka and liqueur-vodka products can be explained by several macroeconomic factors, such as income per capita and the size of the male population as a proportion of the total population (positive influence), or population density and unemployment rate (negative influence). Differences in beer consumption can be explained by the same factors that describe the differences in vodka consumption, which allows one to consider these products (beer and vodka) as complements rather than substitutes.
3) The results of the regression analysis suggest that differences in regional life expectancy . This is apparently due to the fact that, in micro-database studies, particularly in Denisova (2010), respondents who consume different types of alcoholic beverages (both soft and strong) were not considered as consumers of low-grade alcoholic drinks consumers. However, the results of this study show that in Russia the increased consumption of low-grade alcoholic drinks, especially beer, is correlated with the strong alcohol consumption, which leads to an increase in aggregate alcohol consumption, as well as to reduced life expectancy. In conclusion, on the basis of this study, public policies should be aimed at reducing alcohol consumption because this will likely lead to remarkable macroeconomic effects in terms of the increase of life expectancy. 
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